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Abstract: Atomic fountain clocks play a crucial role in the generation of national standard time and
International Atomic Time ( TAI). This paper describes the principle of atomic fountain clocks and
theoretically analyzes the physical mechanisms affecting their performance. The analysis indicates that local
oscillator noise is the primary factor limiting frequency in stability, while cavity phase distribution
frequency shift and cold collision frequency shift are the main constraint on frequency uncertainty. On this
basis,the structural characteristics,operational parameters,and performance of the atomic fountain clocks
at the National Time Service Center(NTSC) of Chinese Academy of Sciences are introduced. The rubidium
atomic fountain clock NTSC-RbF1 exhibits a fractional frequency drift per day between —4X10 " and 7 X

10 '",and has served as a timekeeping clock contributing to TAI since October 2022. The cesium atomic
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fountain clock NTSC-CsF2 achieves a type B frequency uncertainty of 4. 3 X 10 '® and has been routinely

steering TAI (international atomic time) as a primary frequency standard since April 2024. Finally,

technological advancements aimed at further improving atomic fountain clock performance are discussed,

including liquid nitrogen-cooled microwave cavities, cryogenic sapphire oscillators, and all-fiber optical

systems.
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